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Pro tec t i on  Branch Report o f  Test No. 11-65 

The Level o f  M ic rob ia l  Contamination I n  A Clean Room 
During A One Year Per iod 

i The resu t s  o f  a one year study t o  determine the  l e v e l  o f  m ic rob ia l  
contaminat ion i n  a c lean room a r e  presented i n  t h i s  paper. The purpos 
methods, and a ta  which were g iven i n  an i n t e r i m  repor t  o f  t h i s  study - 
are  c i t e d  so t h a t  t h i s  f i n a l  repor t  w i l l  be complete i n  i t s e l f .  
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A study t o  determine the l eve l  o f  m ic rob ia l  contaminat ion i n  a c lean 
room was undertaken i n  order t o  e s t a b l i s h  a bas is  f o r  dec id ing  whether i t  
i s  advantageous from a minimal mic rob ia l  contaminat ion s tandpoint  t o  
assemble a spacecraf t  i n  such an area. To increase the  p r o b a b i l i t y  o f  
o b t a i n i n g  a s t e r i l e  spacecraf t  w i t h  a g iven s t e r i l i z a t i o n  procedure, 
precaut ions must be taken t o  keep the i n i t i a l  m ic rob ia l  popu la t ion  as 
low as poss ib le .  The leve l  o f  aerobic m ic rob ia l  contaminat ion t h a t  

was 
a t  ion, 

M a r t i n  
Thus 7 accumulates on surfaces rom a e r i a l  f a l l o u t  and a l s o  f rom handl ing 

p rev ious l y  inves t iga ted  1' i n  a labora tory  b u i l d i n g  a t  t h i s  i n s t a l  
bu t  a more extens ive study was needed under c lean room cond i t ions .  
a one year study was undertaken using the  c lean room f a c i l i t i e s  o f  
Company, Baltimore, Maryland. &-----I 

This study was designed on ly  t o  numerate the  v i a b l e  aerobic  and 
anaerobic microorganisms present.  No e f f o r t  was made t o  i d e n t i f y  the 
microorganisms. Per iod ic  sampling o f  the  a i r  and a e r i a l  f a l l o u t  f o r  a 
one o r  two hour du ra t i on  was done t o  g i v e  an index o f  the  a e r i a l  mic'ro- 
b i a l  contaminat ion i n  the area. The essen t ia l  p a r t  o f  t h i s  study, 
however, was t o  determine the  number of v i a b l e  aerobes and anaerobes t h a t  
accumulate on a s t a i n l e s s  s tee l  surface over an extended per iod.  The 
r e l a t i v e  res is tance o f  these microorganisms t o  heat shocking was a l so  
determined. I n  add i t ion ,  determinat ions were made o f  the  m ic rob ia l  

c lean 
a1 

contaminat ion 
room personne 
contaminat ion 

present on s ta in less  s t e e l  a f t e r  hand l ing  by gloved 
because hand l ing  may a l s o  c o n t r i b u t e  t o  the microb 

MATERIALS AND METHODS 

Clean Room 

The c lean room (Figure 1 )  was e s s e n t i a l l y  a complete two room 
s t r u c t u r e  (about 50 x 100 x 12 fee t )  w i t h  e n t r y  locks, erected i n  a 



corner  o f  a very l a rge  fac to ry  (400 x 1000 x 49 fee t ) .  A t  the t ime these 
t e s t s  were conducted there  was r e l a t i v e l y  l i t t l e  a c t i v i t y  i n  the  fac tocy  
area near the c lean room f a c i l i t y .  Ma te r ia l  was passed i n t o  the  c lean 
room through the  west room o r  c lean ing  area (about 50 x 50 fee t )  where i t  
was thoroughly cleaned, mainly by u l t r a s o n i c  v ib ra t i on ,  submerged i n  a 
ba th  of t r i ch lo roe thy lene .  The t r i c h l o r o e t h y l e n e  was cons tan t l y  recirccl-  
l a t e d  through a f i l t e r  t o  remove a l l  p a r t i c l e s .  A f t e r  the mater ia l  was 
cleaned i t  was passed t o  the  east room o r  assembly area (about 50 x 50 
f e e t )  where workers put  together  the var ious  items o f  equipment under as 
near dust proof cond i t ions  as could be maintained. F in ished a r t i c l e s  
were passed again through the west o r  c lean ing  room. 

Personnel entered the  west o r  east room through separate d ress ing  
areas where they donned clean, l i n t - f r e e  cover -a l l s ,  and head and f o o t  
coverings. The e n t i r e  un i fo rm was vacuumed before  en te r ing  one o f  the  
c lean rooms. Clean l i n t - f r e e  neoprene gloves were a l s o  worn i f  hand l ing  
cleaned par ts .  Each room had i t s  own a i r  c i r c u l a t i o n  system. Although 
there  was a double door passageway between the west and east rooms, 
t r a f f i c  through t h i s  en t r y  was kept t o  a minimum. The observed number o f  
people present i n  the  c lean room f a c i l i t y  du r ing  the var ious t e s t  per iod  
was always f a r  below the a l lowab le  number, 75, based on the r a t i o  o f  1.5 
persons per 100 square fee t .  Usua l ly  t he re  were less than ten  present - 
i n  the two rooms. The var ious requirements imposed upon t h i s  c lean room 
f a c i l i t y  a re  l i s t e d  i n  Tables I ,  11, and 111. 

Test S i tes  

Mic rob ia l  sampling was conducted i n  the  c lean room, both i n  the  
west and east rooms, and i n  the  adjacent non-clean f a c t o r y  area, a few 
f e e t  from the  east room o f  the  c lean room. The diagram o f  the  f l o o r  
p lan  given i n  F igure  1 shows where the samples were taken. 

Mic rob ia l  Samplinq 

I n  t h i s  study, the samples+: were taken weekly and biweekly f o r  the 
f i r s t  two months t o  observe the  t rend o f  t he  m ic rob ia l  contaminat ion 
present ;  the r e s t  o f  the sampling per iods were approximately a t  f i v e  
week i n t e r v a l s  throughout the  year. 

On the day the t e s t  s tar ted,  on ly  the  m ic rob ia l  Contamination o f  the 
a i r  and o f  t he  a e r i a l  f a l l o u t  was determined. 
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Mic rob ia l  contaminat ion was determined by the  f o l l o w i n g  methods: 

1 .  S l i t  samplers 2 / were used a t  a f l ow  r a t e  o f  one cubic  foo t  
per  minute f o r  an hour du ra t i on  t o  c o l l e c t  e i t h e r  the  aerob ic  o r  t he  ana- 
e rob ic  microorganisms i n  the a i r .  

2. A t  tne same time interval, q a r  s e t t l i n g  p l a t e s  ( ten  t o  
c o l l e c t  aerobes and f i v e  t o  c o l l e c t  anaerobes) were used t o  determine the 
number o f  microorganisms s e t t l i n g  from the a i r .  

3 .  A t o t a l  o f  120 s t e r i l e  1 x 2 inch s t a i n l e s s  s tee l  s t r i p s  f o r  
each t e s t  s i t e  placed h o r i z o n t a l l y  on s t e r i l e  s t a i n l e s s  s t e e l  t rays  were 
used t o  accumulate microorganisms from a e r i a l  f a l l o u t .  A t  each sampling 
pe r iod  l i s t e d  above, e i g h t  s t r i p s  were assayed t o  determine the number of 
v i a b l e  microorganisms before and a f t e r  heat shocking. 
were used t o  numerate aerobes and the remaining th ree  t o  numerate anaerobes. 

F i v e  o f  these s t r i p s  

4. A t  each sampling period, four  s t e r i l e  1 x 2 inch s t a i n l e s s  
s t e e l  s t r i p s  were handled by an i nd i v idua l  wearing gloves w h i l e  working 
i n  the  c lean room. Each s t r i p  was assayed t o  determine the number of  
v i a b l e  microorganisms before and a f t e r  heat shocking. 
used t o  numerate aerobes and two t o  numerate anaerobes. 

Two s t r i p s  were 

Test Procedure 

Sol i d  agar p la tes  con ta in ing  e i t h e r  tryptose:': o r  anaerobic:'ck agar 
were used i n  the  s l i t  samplers and a l s o  f o r  s e t t l i n g  p la tes .  These p l a t e s  
were subsequently cu l tu red  i n  the  same manner as the  pour p l a t e s  descr ibed 
below. 

A l l  s ta in less  s tee l  s t r i p  samples were assayed i n  the same manner. 
Each s t r i p  was placed i n  a b o t t l e  conta in ing  50 m i l l i l i t e r s  o f  s t e r i l e  
0.05 per cent Tween 20 so lu t i on .  The sample was shaken and then assayed 
f o r  v i a b l e  microorganisms by the pour p l a t e  method. T h i r t y  m i l l i l i t e r s  
o f  the  sample were p la ted  before the sample was heat shocked a t  60" C f o r  
3 C  minutes, and 15 m i l l i l i t e r s  were p l a t e d  a f t e r  the heat t reatment.  
Each sample was e i t h e r  cu l tu red  i n  t r yp tose  agar under aerobic  cond i t ions  
or i n  anaerobic agar under anaerobic condi t ions.  A l l  p l a t e s  f o r  t h i s  t e s t  
were incubated a t  37"  C f o r  72 hours before colony counts were made. 

;? D i f c o  Laborator ies,  De t ro i t ,  Michigan 
.*.,-I. , b d -  Bal t imore B io log i ca l  Laboratory, Baltimore, Maryland 
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RESULTS AND D I S C U S S I O N  

The data c o l l e c t e d  du r ing  the 52 week study are  presented i n  Tables 
I V  through I X .  I n  general, t he  t rend i s  apparent w i thou t  spec ia l  s ta -  
t i s t i c a l  ana lys is .  The number o f  microorganisms per  cub ic  foo t  of a i r  
was about ten times grea ter  i n  the f a c t o r y  than i n  the c lean room, and 
the aerobes seemed t o  be about f i v e  times more prominent than the  ana- 
erobes (Table I V ) .  Th is  r a t i o  was a l s o  noted i n  the da ta  showing the 
r a t e  tha t  a i rborne  microorganisms s e t t l e  onto a sur face (Table V 
var ious i n d u s t r i a l  wh i te  rooms s tud ied  by Michaelson and Vesley - , the 
number o f  microorganisms per  cubic  f o o t  o f  a i r  ranged from 7.4 t o  0.05. 
The data repor ted here a l s o  f a l l  w i t h i n  t h a t  range. 

27 In 

The data i nvo l v ing  the t o t a l  number o f  aerobes t h a t  accumulated on 
s t e e l  dur ing  the year (Tables V I ,  V I I ,  and V I I I )  was subjected t o  s ta -  
t i s t i c a l  ana lys is  t o  determine (a) i f  any t ime t rend showed up, and (b) 
i f  the  ev ident  l a rge  d i f f e r e n c e  between f a c t o r y  and c lean room a t t a i n e d  
s t a t i s t i c a l  s ign i f i cance .  The anaerobic data was not analyzed s ince  
ac tua l  numbers were s,canty and d i f f e rences  were obvious. 
s i g n i f i c a n t  t ime t rend observed, bu t  the m ic rob ia l  contaminat ion was 
s i g n i f i c a n t l y  greater  i n  the  f a c t o r y  than i n  the  c lean room. More 
aerobes than anaerobes were present on the s tee l  sur face and o f t e n  times 
h a l f  o r  more o f  these microorganisms surv ived heat shocking. 1.n a d d i t i o n  
t o  spore forming b a c t e r i a  and the  occasional  molds recovered a f t e r  heat 
shocking, some cocci, which were probably p ro tec ted  by extraneous ma te r ia l  
such as dust, a l s o  surv ived the heat t reatment.  On the  bas is  o f  colony 
formation, a great  v a r i e t y  o f  species were represented. 

There was no 

The data g iven i n  F igure  2 shows the  mean and the range o f  f i v e  de- 
terminat ions obtained f o r  t o t a l  aerobic  count f o r  each t i m e  per iod  and 
t e s t  area. I t  appears tha t  the m ic rob ia l  popu la t ion  remains f a i r l y  
constant throughout the year; the  s t a t i s t i c a l  r e s u l t s  subs tan t ia ted  t h i s  
observat ion.  The apparent h igher  contaminat ion l eve l  obtained i n  the 
f a c t o r y  a t  47 nd 52 weeks, respec t ive ly ,  appears t o  be a seasonal 

du r ing  the l a t e  summer months (Table V I ) .  
phenomenon - 2,57 occasioned by a subs tan t i a l  increase i n  mold popu la t i on  

The mic rob ia l  popu la t ion  may be increased if the  sur face  i s  f r e -  

Table I X  shows t h a t  microorganisms were deposi ted on a 
quent ly  touched by the human hand as occurs du r ing  the  cons t ruc t i on  of  
a spacecraf t .  
p rev ious ly  s t e r i l i z e d  s t a i n l e s s  s t e e l  sur face a f t e r  handl ing on ly  once 
w i t h  a gloved hand. 
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The data ind ica ted  that ,  a t  each t e s t  area, the  l e v e l  o f  m ic rob ia l  
contaminat ion obtained on s t e e l  a f t e r  52 weeks was e s s e n t i a l l y  t h e  same 
as t h e  l e v e l  obtained a f t e r  t h e  f i r s t  week. This t rend was a l s o  observed 
i n  an e a r l i e r  study 2’ performed i n  a F o r t  D e t r i c k  labora tory .  On the 
47th week a new set  of s t e r i l e  s tee l  s t r i p s  were placed i n  the  f a c t o r y  
area and i n  the  c lean room areas. These were analyzed on the  52nd week 
a long w i t h  those whicn had been In the t e s t  areas f o r  a f u l l  year. Table 
X shows t h a t  the aerobic Contamination on s t e e l  a f t e r  f i v e  weeks exposure 
t o  a i r  was comparable t o  the  contamination t h a t  accumulated on s t e e l  
d u r i n g  t h e  e n t i r e  year. 

The r e s u l t s  of th is study i n d i c a t e  t h a t  the mic rob ia l  contaminat ion 
i s  reduced about ten- fo ld  i n  the Mar t in  Company c lean room opera t ing  w i t h  
less than ten  per cent of t h e  ximum a l lowab le  number o f  persons f o r  the  
area. Since a previous study showed t h a t  the  mic rob ia l  contaminat ion 
i n  a c lean room i s  g r e a t l y  increased when occupied t o  the ex ten t  per-  
miss ib le ,  the  mic rob ia l  contamination could have been grea ter  than i n d i -  
cated here i f  more personnel were present. 

The most s t r i k i n g  observat ion o f . t h i s  study i s  t h a t  t h e  mic rob ia l  
contaminat ion on a s t a i n l e s s  s t e e l  sur face due t o  a e r i a l  f a l l o u t  r a p i d l y  
reached a maximum l e v e l  and remained more o r  less constant throughout 
the  year. 

ACKNOWLEDGEMENT 

Th is  study was made poss ib le  through the  e f f o r t s  and cooperat ion 
o f  the  personnel a t  the M a r t i n  Company. 

Thanks are extended t o  O r .  F.M. Wadley f o r  h i s  c r i t i c a l  eva lua t ion  
and s t a t i s t i c a l  ana lys is  o f  t h e  data presented i n  t h i s  paper. 

5 



References 

1.  P ro tec t i on  Branch Report of Test No. 10-64: The Level o f  M ic rob ia l  
Contamination Fn a Clean Room Dur ing an Eleven Week Test Period. 
Physical  Defense D iv is ion ,  F o r t  Detr ick ,  Md. 3 February 1964. 

2. P ro tec t i on  Branch Report o f  Test No. 1-64: M ic rob ia l  Contamination 
Obtained on Surfaces Exposed t o  Room A i r  o r  Touched by the Human 
Hand. Physical  Defense D iv is ion ,  F o r t  Detr ick ,  Md. 22 Ju l y  1963. 

3. Wolf, H.W., Skal iy ,  P., Ha l l ,  L.B., Harr is ,  M.M., Decker, H.M., 
Buchanan, L.M., and Dahlgren, C.M. Pub l i c  Hea l th  Monograph No. 
60: Sampling M ic rob io log i ca l  Aerosols. U . S .  Government P r i n t i n g  
Of f ice,  1959. 

4. Michaelson, G . S .  and Vesley, D.: I n d u s t r i a l  White Rooms vs 
Hosp i ta l  Operat ing Rooms. A i r  Eng. 5, 24,Sept 1963. 

5. Kingsley, V.V.: Pharmaceutical S t e r i l e  Areas. Par t  11. A i r  Eng. 
- 6, 22, J u l y  1964. 

6. P ro tec t i on  Branch Report o f  Test No. 1-65: M ic rob ia l  Contamination 
I n  a Clean Room When Occupied by Operat ing Personnel. 
Defense D iv is ion ,  F o r t  Detr ick,  Md. 12 August 1964. 

Physical  

6 



Table I ,  

F a c i l i t y  Requirements f o r  The M a r t i n  Company Clean Room 

1 .  Operations permi t ted  - Cleaning, component assembly, component 
test : I nn "y, packag i ng 

2. Type of f l o o r i n g  covered w a l l  t o  w a l l  - V iny l  

3. Smooth, non- f lak ing  w a l l s  and c e i l i n g  capable o f  w i ths tand ing  
f requent  washings 

4. C lo th ing  change area 

5. Double window pass through f o r  p a r t s  

6. S ta in less  s tee l  top work benches 

7. A i r  cond i t i on ing  requirements: 
Temperature c o n t r o l  75 t 5F 
Humidi ty con t ro l  50 5 5% 

8. Degree o f  p o s i t i v e  pressure required: 
Cleaning Area 0.13" water gauge 
Assembly Area 0.16'' water gauge 

9. Type of  i n l e t  a i r  f i l t r a t i o n  - e l e c t r o s t a t i c ,  removing 95% of  p a r t i c l e s  
over 5 microns p lus  a f i n a l  Cambridge Absolute F i l t e r  removing 99.97% 
o f  p a r t i c l e s  g rea ter  than 0.3 micron 

10. Max:mum p a r t i c l e s  i n  air /2.69 s q  in:';/hour: 
io-300 micron p a r t i c l e s  - 100 
F ibers  ( p a r t i c l e s  over 300 microns i n  length)  - 10 

1 1 .  Maximum hydrocarbon i n  a i r :  
Cleaning area 50 ppm as carbon 
Assembly area 20 ppm as carbon 

k T h e  2.69 s q  iTw0--eters t o  the area o f  a standard M i l l i p o r e  f i l t e r  d i sk .  
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Tab i e I. (Cont i nued) 

1 3 .  & ; a t i n  mat shoe cleaner (or equ iva len t )  

'r4. I l l o i m t i o n  a t  bench leve l  - Minimum 200 f t .  candies 

A i r  rhanges requi red:  
i *ea? ing  area 15/hour, a l l  vapors vented 
As iembl y area 14/hour 

16. 'nr~:ea '~ed plumbing 

: 7 .  :crcl.iaied serv ice  w i r i n g  

-8 -  Inre--communicat ion system 

' 9 .  HaKimurn rurnber o f  people permi t ted per 100 f t  of  f l o o r  space - 1.5 2 
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Table 11. 

Area Maintenance and Operational Requirements f o r  
M a r t i n  Company Clean Room 

i. Horizznte! surfaces s h a l l  be vacuumed d a i l y  o r  as requ i red  t o  ma in ta in  
the  spec i f i ed  contaminat ion leve l .  V e r t i c a l  surfaces s h a i i  be vaciiiimzd 
weekly. Sweeping o r  dus t i ng  sha l l  not be permi t ted.  Use o f  f l o o r  wax 
i s  p roh ib i t ed .  

2 .  Walls, f loors ,  c e i l i n g s  and working surfaces s h a l l  be wiped down w i t h  
s y n t h e t i c  sponges us ing Dow Fax 9N9, o r  equiva lent ,  detergent  s o l u t i o n  
a t  l eas t  once each week, Any v i s i b l e  d i r t  o r  dust  s h a l l  be removed 
immediately. 

3 .  F a l l o u t  o f  contaminat ion from the 
t o  insure tha t  the room i s  operat 
contaminat ion l eve l s .  

4. A separate room s h a l l  be provided 
I n  add i t ion ,  the  hydrocarbon conc 

a i r  s h a l l  be checked, as necessary, 
ng w i t h i n  s p e c i f i e d  p a r t i c u l a t e  

f o r  o x i d i z e r  and pneumatic work. 
n t r a t i o n  i n  the  a i r  s h a l l  be checked, 

as deemed necessary by Qua l i t y ,  t o  insure t h a t  the  room i s  opera t ing  
w i t h i n  process requirements. 

5. F i l t e r s  s h a l l  be changed when d i r t y  as determined by the  pressure drop 
across the  f i l t e r ,  measured w i th  a d i f f e r e n t i a l  pressure gage, a i r  
turn-over  less than process requirements,or equ iva len t  method. 

6. Operat ing and superv isory personnel s h a l l  d a i l y  survey the  area f o r  
unnecessary accumulations of parts,  mater ia ls ,  o r  equipment which 
c o u l d  t r a p  or be poss ib le  sources o f  contaminat ion.  

7 .  Ea t ing  o r  use o f  tobacco i n  any form s h a l l  be p r o h i b i t e d  w i t h i n  the 
area. 

8. Metal removing too l s  (e.g., grindstones, f i l e s ,  e tc . )  s h a l l  not  be 
used i n  the  area. 

9. A l l  unnecessary t r a f f i c  sha l l  be avoided. Use o f  inter-com sets  i s  
recommended t o  reduce personnel t r a f f i c  w i t h i n  the area. 

10. l h e  p a r t i c u l a t e  contamination l eve l  o f  each c lean room s h a l l  be posted 
a t  the entrance t o  the area. 
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Table 111. 

Personnel C lo th ing  and Hand Tool Requirements 
For M a r t i n  Company Clean Room 

1 .  A l l  personnel c e r t i f i e d  t o  enter  c lean room s h a l l  don clean, l i n t -  
f r e e  cover-a l ls ,  and head cover ing i n  the  c l o t h i n g  change area and 
vacuum the e n t i r e  uniform, i nc lud ing  shoes, p r i o r  t o  e n t e r i n g  the 
c lean area. 

2 .  Personnel leav ing  the  c lean room f o r  any reason must remove a l l  
p r o t e c t i v e  c l o t h i n g  i n  the dress ing room. Upon return ing,  proper 
p r o t e c t i v e  c l o t h i n g  s h a l l  be donned and cleaned, as i n  i tem 1, above, 

i n t o  the c lean room. be fore  re -en t ry  

3 .  When handl ing c 
f r e e  neoprene g 

4. Hand t o o l s  shal 
p-50051. Tools 

eaned parts,  used i n  ox ' id izer  systems, c lean l i n t -  
oves s h a l l  be worn. 

be cleaned and packaged i n  accordance w i t h  Process 
used t o  work hyd rau l i c  o r  f u e l  components s h a l l  not  

be used f o r  pneumatic o r  ox id i ze r  components unless they a re  re-  
cleaned. Tools conta in ing  wood o r  w i t h  ser ra ted  o r  knur led jaws are  
p r o h i b i t e d  except i n  semi-conductor research areas. 

j. No v i s i t o r s  s h a l l  en te r  the area. 

6. When necessary f o r  spec ia l  work purposes, an u n c e r t i f i e d  person may 
en ter  the area provided t h a t  he ob ta ins  permission from t h e  c lean 
room superv isor  who s h a l l  i n s t r u c t  h i m  i n  c lean room procedures and 
escor t  him a t  a l l  t imes t o  ensure t h a t  the  p-ocedures are  fo l lowed.  

10 
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Table X .  

Aerobic Contamination Obtained on Sta in less  Steel A f t e r  
F i v e  Weeks* Exposure t o  Air i n  the Factory and Cleaning 

Areas 

Microorqanisms/Square Foot 
Aerobes 

Bacter ia Molds Tota l  

Factory Area 

Cleaning Area 

14,000 5,000 19,000 

440 160 60 0 

* Exposure period from 47th t o  52nd week of  t h i s  study. 

Note: Each ent ry  i s  an average o f  s i x  determinations. 
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Figure 2. Number of Aerobes on Stainless Steel as a Function of Time 

(Each bar  shows the range of f ive determinations; the mean 

of each i s  represented by a dot  on the bar. The dotted line 

indicates the lowest limit of contamination detected by  the 

assay method.) 


